Volatile organic compounds (VOCs) are the key precursors of tropospheric ozone and contributors to the formation of secondary organic aerosols (SOAs). VOCs from six functional zones in a coastal city in China were collected via SUMMA canister and determined via gas chromatography-mass spectrometry (GC-MS). The average annual concentrations of the total VOCs (TVOCs) were as follows: background site (36.00 µg m -3 ) < residential site (48.71 µg m -3 ) < port site (61.09 µg m -3 ) ≈ development site (62.25 µg m -3 ) < traffic site (73.82 µg m -3 ) < industrial site (98.33 µg m -3 ). The concentrations of TVOCs in spring and summer were higher than in autumn and winter. The ozone formation potentials (OFPs) were calculated, and the results indicated that 1-butene exhibited the highest OFP in the residential zone, while toluene exhibited the highest value in the other functional zones. The ratio of xylene to ethylbenzene was used to analyze the aging of atmospheric VOCs at the background site, which was affected by air pollution transported from urban areas. The sources of VOCs, namely, vehicle exhaust, fuel evaporation, biomass burning, industrial processes, and coal combustion, were identified with the Positive Matrix Factorization (PMF) model. Vehicle exhaust represented the largest source of atmospheric VOCs for every season, ranging 22.41-38.95%; additionally, the percentage of fuel evaporation increased in summer, reaching as high as 25.94%. The contributions of biomass burning were larger in autumn (21.11%) and winter (18.01%) than in spring (11.23%) and summer (16.94%), probably reflecting crop straw burning in the later seasons. Vehicle exhaust was the dominant source of VOCs (30.04-44.39%) in all functional zones, except for the residential site, which received its largest contribution (36.20%) from fuel evaporation.
INTRODUCTION
Volatile organic compounds (VOCs) play a significant role in the formation of ozone (O 3 ) and secondary organic aerosols (SOAs) (Han et al., 2011; Zhang et al., 2015; Lo Vullo et al., 2016; Ou-Yang et al., 2017) . Additionally, typical VOC species, such as benzene and toluene, have been found to be harmful to human health and ecosystems (Srivastava, 2005) . The O 3 budget depends on the photochemical reactivity of VOCs and NO x (Garzón et al., 2015) . Considerable efforts have been expended in recent times to understand the formation pathways of SOAs through photo-oxidation of VOCs (Sun et al., 2016; Li et al., 2017) . Therefore, improved knowledge on the occurrence, sources and behavior of VOCs may provide a basis for pollution control of O 3 and understanding SOA formation .
Volatile organic compounds are emitted from biogenic as well as anthropogenic sources, and anthropogenic sources are dominant in the majority of urban environments (Baker et al., 2008) . Anthropogenic VOCs emissions are complex and vary from city to city, with main sources being vehicle exhaust, gasoline volatilization, solvent use, coal combustion from industrial and residential uses, and biomass burning (Mo et al., 2017) . Receptor models are effective methods for identifying sources of VOCs and include the Chemical Mass Balance (CMB) and multivariate receptor models. However, there are some limitations associated with the application of the CMB model, such as limited updated source profiles and unstable VOC species (Na and Yong, 2007) . To date, both Principal Component Analysis (PCA) and Positive Matrix Factorization (PMF) have been extensively applied to VOCs source apportionment Dumanoglu et al., 2014; Cheng et al., 2017; Widiana et al., 2017; Yan et al., 2017) . However, the PCA method does not clearly distinguish between some VOC sources that have strong correlation (Cai et al., 2010) . Besides, the PCA method does not deal appropriately with missing data and data that are below the detection limit of the analytical method. However, the PMF method does not need to know in advance the number of VOC sources and the VOC emission source profiles and can readily detect data at low concentrations.
With a rapidly developing economy and urbanization, Xiamen, a typical coastal city in Southeast China, has been impacted by increased air pollution in recent years, especially O 3 pollution and haze. Among the pollutants, O 3 is often the most concerning species due to its adverse effect on human health (Hwang et al., 2011; Tan et al., 2012; Gong et al., 2018) . The air monitoring net data adopted from the Ministry of Environmental Protection of China demonstrated significant differences in the spatial distribution of O 3 throughout the city, especially in summer and autumn. Our previous studies found that the variation of surface O 3 was related to emissions of key precursors (VOCs and NO x ) and the influence of seaborne wind (Oh et al., 2006; Latif et al., 2012) . However, there is limited information on the seasonal sources of VOCs and their spatial distribution in coastal cities. The simultaneous measurement of VOCs in the different functional zones of Xiamen would be of great benefit in clarifying the sources of VOCs and revealing the interactions between the emission sources and meteorological factors.
The purpose of this work was to (1) evaluate the spatial and seasonal variations of atmospheric VOCs, (2) estimate the contribution of each VOC to the formation of O 3 through maximum incremental reactivity (MIR), (3) discuss the aging of VOCs based on the characteristic ratio for the VOCs, and (4) quantify the sources of VOCs by the PMF receptor model. Such information would provide new insights for direction of air quality management, especially O 3 pollution control in developing coastal cities. The seasonal variations of VOCs and sources of VOCs as compared to those in previous works, which have focused on health risk assessment of VOCs (Xu et al., 2015) , were also investigated.
MATERIALS AND METHODS

Description of Study Site
Xiamen is located on the coast of Southeast China and has a subtropical climate. There are no extreme weather events throughout the year with atmospheric temperatures ranging 5.6-35.5°C, and relative humidity fluctuating between 60% and 82%, respectively, for the year 2014 (http://www.stats-xm.gov.cn/2015/main0.htm). The dominant wind direction in spring and winter is east-southeast, while in summer it is southeast and in autumn it is northeast (http://www.stats-xm.gov.cn/2015/main0.htm). Xiamen, one of the first four special economic sites of China, is a major economic and cultural center of Fujian Province. In 2014, the city population was 3.81 million and the land area for Xiamen was 1573.16 km 2 . VOCs samples were collected at six sites: Bantou Reservoir (BT), Haitian (in the Port of Xiamen; HT), Institute of Urban Environment (IUE), Lianban (LB), Ruijing Primary School (RJ), and Xinyang (XY) (Fig. 1) . The BT site, the background site, is situated in a forestry reserve which contains a reservoir of capacity 3.5 million m 3 . The reservoir provides the drinking water for Jimei District and Xiamen. The sampling site was close to the reservoir and was far away from road traffic with minimal human activity. The HT site selected as the port sampling site has a high density of heavy trucks and shipping which are involved in the loading, unloading, stockpiling and distribution of goods and products. The IUE site was selected as a developing area in Jimei District and has seen rapid urbanization with highways, educational institutions, and residential buildings. The LB site selected as a traffic sampling site is located in the commercial center of the city, surrounded by Mingfa Plaza and close to the Xiamen railway station. The RJ site selected as a residential area is situated on the roof of Ruijing Primary School, which is surrounded by a residential quarter. The XY site selected as an industrial site includes a furniture factory, an electronics processing plant, and chemical and pharmaceutical plant.
Sampling
The VOC samples were collected at the different sites from January to December 2014. 5 samples were collected per month at 9 a.m. on sunny days at each site. All samples were collected using a 3.2 L SUMMA stainless steel canister using instantaneous sampling. The SUMMA canisters had previously been cleaned before sampling by passing ultrapure N 2 (> 99.999%) through a canister cleaner (3100A, Entech Instruments Inc., USA). After sampling, the canisters were transported to the lab for analysis. A total of 360 samples were collected (6 sites  12 months  5 samples per month). Spring was defined from March to May, summer was from June to August, autumn was from September to November, and winter was from December to February.
GC-MS Analysis
Forty-eight VOC species, including aromatic hydrocarbons, alkenes and alkanes, were determined for each sample. All samples were pre-processed by a 7100A Fig. 1 . Locations of the 6 sampling sites in Xiamen (shown in red circles).
Preconcentrator (Entech Instruments Inc., USA) and analyzed using a gas chromatography system (GC; GC2010, Shimadzu, Japan). The GC was equipped with a mass spectrometer (MS; QP2010 Plus, Shimadzu, Japan) with the capillary of 60 m length, 0.25 mm diameter, and 1.0 µm film thickness coated with 6% nitrile propyl phenyl and 94% dimethyl polysiloxane (DB-624). Specific cryogenic concentration procedures were used as described elsewhere (Wang and Wu, 2008; Mellouki, 2012) . In short, VOCs in the canisters were initially condensed using liquid-nitrogen glass beads cryogenic trap at -180°C. The trapped VOCs were then transferred through pure He to a further trap at -30°C with Tenax as absorbent. Most of the H 2 O and CO 2 were removed through these two steps. The secondary trap was then heated to let the target VOCs transfer through He to a third capillary cryo-focus trap at -160°C. After the concentration step, the trap was quickly heated and the VOCs were transferred to the GC-MS system. The initial oven temperature was 35°C for 1 minute, increasing to 50°C at 3°C min -1 , then to 55°C at 1°C min -1 , and then raised to 180°C at 6°C min -1 , eventually rising to 200°C at 5°C min -1 , where it remained for 1 minute. The selected ion monitoring mode was applied in data collection, and the ionization technique was electron impact (EI, 70 eV) with a source temperature of 200°C.
Quality Control and Quality Assurance
All canisters were flushed by repeatedly filling and evacuating ultra-pure N 2 at least three times before sampling. To check whether there was contamination or not, all canisters were evacuated after the cleaning steps, refilled with ultra-pure N 2 , kept in the lab for at least 24 h, and then measured in the same way as field samples to ensure that the target VOCs were not present. The target VOCs were identified based on their retention times and mass spectra referred to standard mass spectrometry database (the National Institute of Standards and Technology 98 (NIST 98)) and quantified through external calibration. The 56-NMHCs standard mixed gas made by Spectra Gases (Newark, New Jersey, USA), PAMS (Photochemical Assessment Monitoring System) and each component volume fraction was 1 × 10 -6 . The calibration curves were achieved by processing five standards diluted with humidified zero air in the same way as for the field samples. The GC-MS system was calibrated every 20 samples by a one-point calibration. If the response was in excess of ±15% of the original calibration curve, then a recalibration was performed. The correlation coefficients for the standard curves varied typically between 0.996 and 1.000. The measurement precision was checked by repeatedly injecting a standard gas with VOC concentrations of 1 ppb.
Data Analysis
The ozone formation potential (OFP) method has been applied to describe the chemical reactivity of VOCs (Carter, 1994) . Based on the corresponding maximum incremental reactivity (MIR) coefficient, the OFP was calculated using the following equation:
where OFP i is defined as the ozone formation potential of individual VOC i and MIR i is the maximum incremental reactivity coefficient of compound i (Carter, 1994; Roger Atkinson and Arey, 2003; Carter, 2008) . The PMF was used to quantify the sources of atmospheric VOCs. The specific description of PMF method can be found in the literature (Paatero and Tapper, 1994; Paatero, 1997) . In brief, Eq. (2) signifies the j th VOC compound species in the i th sample as concentrations from p independent sources:
where x ij is the j th species concentration measured in the i th sample, g ik is the species contribution of the k th source to the i th sample, f kj is the j th species fraction from the k th source, e ij is the residual for each sample/species, and p is the total number of independent sources. Data below the detection limit can be retained in the model and adjusted accordingly for the associated uncertainty. Given that the PMF allows each data point to be separately weighted, these data points have less impact on the solution than data that are greater than the detection limit (Paatero, 1997) . The function Q (Eq. (3)), based on these uncertainties, permits the analyst to examine the distribution of each species to assess whether the solution is stable and robust:
The USEPA PMF 5.0 model was used in this study. The percentage of missing data in different functional zones is presented in Table S1 . Missing data were replaced by the arithmetic mean of the determined concentrations of that species in the same month. The uncertainty for the species concentration was calculated as 15% of the VOC concentration in the PMF analysis (Yuan et al., 2009; Dumanoglu et al., 2014) .
RESULTS AND DISCUSSION
General Characteristics of VOCs
The (Fig. 2) . The concentration of TVOCs in the most-polluted site was almost three times that of the background site. The highest concentration in XY was mainly attributed to very dense industrial emissions and vehicular sources. The TVOCs concentration in the BT was less affected by anthropogenic activities, and was much lower than those for the other functional sites. The chemical compound classification patterns for the TVOCs were similar among the six functional sites, as shown in Table 1 . Alkanes provided the largest contribution to the TVOCs, varying 47.34-54.09%, followed by aromatics, accounting for 37.38-44.31%; alkenes were a small part of the TVOCs, ranging 6.02-10.46%. The TVOC concentrations in the BT of Xiamen city was close to that in the suburban site of Ningbo city, but much lower than that in rural site of Guangzhou and a background site in South Korea (Tang et al., 2007; Choi et al., 2011; Mo et al., 2017) . Most of cities listed in Table 1 showed that alkanes were the dominant group, followed by aromatic hydrocarbons and then alkenes.
As for the port site, the development site and the traffic site, the TVOC concentrations in summer were significantly higher than those in winter (Fig. 2) , as found in many previous studies (Batterman et al., 2002; Hoque et al., 2008; Dumanoglu et al., 2014) , reflecting an increased evaporation of VOCs from fuel products at the higher air temperatures (28.2°C in summer compared to 13.3°C in winter; http://www.stats-xm.gov.cn/2015/main0.htm).
Besides, according to the PMF results, fuel evaporation acted as the second largest source of VOCs in Xiamen city. An early study also reported an increase in volatilization emissions under high air temperatures (Kourtidis et al., 1999) . As for the background site, the residential site and the industrial site, there were no significant differences between summer and winter in terms of the TVOC concentrations. Further research is needed to clarify the reasons for this finding. Besides, the VOC concentrations were higher in spring than in autumn. The main reasons for this pattern might be the impact of sunshine duration. The duration of sunshine in the spring (93.67 hours) was much lower than that of the autumn (195.17 hours; http://www.stats-xm.gov.cn/2015/m ain0.htm), which would result in a more effective depletion of VOCs by photochemical reaction in the autumn relative to the spring.
The concentrations of the 10 most dominant VOCs species are shown in Table 2 . Toluene, n-butane, isopentane, n-hexane, ethylbenzene, m,p-xylene, and isobutane were among the 10 most prominent species in all the functional zones. The concentration of toluene in the industrial site (16.49 µg m -3 ) was 3.6 times that in the background site (4.59 µg m -3 ). Other functional zones had similar concentrations of toluene, ranging from 8.33 to 11.84 µg m -3 . Toluene is the most abundant aromatic VOC species emitted from various sources, such as vehicle exhaust and gasoline evaporation (Na et al., 2004) . Liu et al. (2008a) found that toluene was the most dominant species in both traffic and industrial sites whether in summer or autumn. In this study, 1-butene, a marker of coal combustion, only acted as one of the 10 most abundant species observed in the developing area of Xiamen city. Propene was only detected in the residential zone, indicating the influence of propene-abundant emission sources, such as fuel evaporation.
Ozone Formation Potentials (OFPs)
The OFP, the product of the concentration of the VOC species and the MIR, has been widely applied to assess the impact of VOC species on the formation of O 3 (Carter, 1994; Carter, 2008; Zhang et al., 2015; Yan et al., 2017) . In this study, the OFPs for each VOC species in the different functional zones were calculated. The 10 most prominent VOC species which have the highest OFP values are listed in Fig. 3 . Except for the OFP for 1-butene in the IUE (developing site), toluene was the predominant VOC species in the other functional sites. A similar finding was observed for a study in Mexico City (Garzón et al., 2015) . Alkenes made important contributions to the total OFP, such as the presence of 1-butene and propene in the background, port and industrial sites. For the developing site and the traffic site, 1-butene, propene, and cis-2-butene were included. Compared with other functional sites, in addition to 1-butene and propene, the presence of 1-hexexe made one of the greatest contributions to the total OFP in the residential site. Aromatic hydrocarbons, such as toluene, m,p-xylene, 1,3,5-trimethylbenzene, o-xylene, p-ethylmethylbenzene and ethylbenzene, were also detected at all functional sites. In addition, the contributions of the measured alkanes to ozone formation, due to their lower OH reactivity, were lower than that for alkenes and aromatics. 86-32.33, 23.76-42.77, 20.11-42.99, 28.71-62.46, 20.60-30.88 and 47.65-86.97 µg m -3 at BT, HT, IUE, LB, RJ and XY, respectively. Although the concentrations of alkanes were highest (47.34-51.46%) in the different functional zones (Table 1) , due to their lower OH reactivity, their contributions to O 3 formation were lower than that for aromatics and alkenes ( Table 2 ). The seasonal and spatial variations of TOFPs were similar to those of TVOCs.
Characteristic Ratios of the VOCs
Because various emission sources have particular VOC profiles, comparison of the VOC ratios for ambient concentrations with that for emission sources is a valuable approach for identifying the sources of VOCs (Baldasano et al., 1998; Wang et al., 2013) . Several VOC species have been widely used as indicators of the aging of the air mass as well as for tracers of the emission sources. The ratios of these target species are considered to be relatively invariant throughout the whole day, and the relative abundance of the highly reactive species would decrease in the presence of sunlight due to photochemical reaction (Liu et al., 2008b) . In this study, the seasonal and spatial variations of the characteristic ratios of the VOCs are shown in Fig. 4 .
Vehicle exhaust and solvent usage are the major sources of m,p-xylene and ethylbenzene in the atmosphere. The ratio of m,p-xylene to ethylbenzene (X/E) has been applied to assess the photochemical age of the VOCs (Garzón et al., 2015; Yan et al., 2017) . The abundance of more reactive species would tend to decrease during daylight time because of photochemical reactions, while the abundance of less-reactive species would tend to increase because of their accumulation in the atmosphere. The atmospheric lifetime is approximately 1.7 days for ethylbenzene and 14.31 hours in the case of m,p-xylene. Hence, it can be implied that low X/E values may be an indicator of active photochemical reactions (Zalel et al., 2008) . In this study, high correlations (R 2 ≥ 0.63) between ethylbenzene and m,p-xylene were found in the different functional zones. The ratios of X/E for the port site, the development site, the traffic site, the residential site and the industrial site were 1.00, 1.58, 1.25, 1.16 and 1.40, respectively, while that for the background site was 0.67 ( Fig. 4(a) ). This result indicated that the background site had a more photochemically aged mix of anthropogenic VOCs compared to the other sites. An independent study also found that the atmosphere in the background site might be affected by contamination as a result of transport of various anthropogenic sources . As shown in Figs. 4(b) , the lowest X/E (0.49) in summer revealed that photochemical reactions were very active. Meanwhile, the highest X/E (0.84) was observed in winter, presumably this being caused by a lower photochemical reaction rate compared to the summer. The ratios of toluene to benzene (T/B) and isobutane to n-butane were chosen to further examine the sources of VOCs. Toluene and benzene are considered to be stable VOC species, and their atmospheric lifetimes are 9.4 and 1.9 days, respectively. As shown in Fig. 4(c) , relatively high correlations between benzene and toluene were observed at the background site (0.62), the traffic site (0.64) and the industrial site (0.60), while a poor correlation was found for the port site (0.20), the development site (0.20) and the residential site (0.41). These results suggested that there were more complex sources of toluene and benzene in the port, the development, and the residential sites compared with those for the background, the traffic, and the industrial sites. The T/B ratio (wt/wt) changed from 3.16 to 4.48 in the different functional zones. A T/B ratio close to the value of 1 signifies that the VOCs are emitted by traffic and the ratio increases as the source comes nearer to the observer (András et al., 1997) . Values of T/B that are much greater than 1, indicate the presence of other sources of toluene besides traffic emissions, such as solvent evaporation (Liu et al., 2008b) . In this work, the values of T/B were 3.69, 5.30, 3.09, and 4.04 for the spring, summer, autumn, and winter, respectively (Fig. 4(d) ), indicating contributions of additional sources besides traffic emissions.
Isobutane and n-butane are emitted from three main sources, namely, heating sources, cooking and motor vehicles (Lau et al., 2010) . The two species have similar lifetimes in the atmosphere, with 2.9 days for isobutane and 2.8-4.7 days for n-butane. In this study, the compounds correlated highly (R 2 ≥ 0.89) for the different functional zones (Fig. 4(e) ), suggesting impact of the same anthropogenic sources. However, a relatively low correlation (R 2 = 0.58) was found at the residential site (Fig. 4(e) ), suggesting more complex sources including domestic cooking. Compared with the correlation coefficient values (0.84-0.92) for the other three seasons, a relatively low value (0.72) was noted for winter, suggesting perhaps an increased impact from heating sources in winter (Fig. 4(f) ).
Source Apportionment by PMF
Five factors were resolved using EPA PMF 5.0 method where VOC sources were identified by the indicators for the individual sources. Source indicators of VOCs were taken from relevant studies. Major sources of VOCs were determined as vehicle exhaust, fuel evaporation, biomass burning, industrial processes, and coal combustion (Fig. 5) . It was worth noting that there was no biogenic source identified due to a lack of detection of biogenic tracers. Factor 1 had a high percentage of m,p-xylene, ethylbenzene, toluene, benzene, cyclopentane, 2,3-diethylbutane, n-pentane, isopentane, n-butane, isobutane and propene, which are the main species emitted from vehicle exhaust (Liu et al., 2008c; Yuan et al., 2009) . Hence, the first source was attributed to vehicle exhaust.
Factor 2 was dominated by cyclohexylmethane, n-heptane, 3-methylhexane, 2,3-dimethylpentane, cyclohexane, 2-methylhexane, methylcyclopentane, n-hexane, 3-methylpentane, and 2-methylpentane. These major species, C6-C7 alkanes, were related to fuel evaporation in production processes (Liu et al., 2008c) . Therefore, the second source was identified as fuel evaporation.
Factor 3 was differentiated by the presence of cis-2-pentene, trans-2-pentene, trans-2-butene and cis-2-butene. C3-C4 alkenes are the major compounds in biomass burning (Andreae and Merlet, 2001) . Therefore, the third source was assigned to biomass burning.
Factor 4 was identified by high percentages of n-octane, n-nonane, n-decane, n-undecane, n-dodecane, isopropylbenzene, n-propylbenzene, pethylmethylbenzene, o-ethylmethylbenzene, 1,3,5-trimethylbenzene, 1,2,3-trimethylbenzene, mdiethylbenzene, and o-diethylbenzene. These compounds are major compounds in organic solvents which are widely used by manufacturing industries . Therefore, the fourth source was identified as industrial processes.
Factor 5 showed a high percentage of 1-butene, 1-pentene, 1-hexene, 2,4-dimethylpentane, 2,2,4-trimethylpentane, 2,3,4-trimethylpentane, 2-methylheptane, and 3-methylheptane. Some of these compounds are markers of the flue gas from coal-fired power stations (Yan et al., 2016 . This indicated that the fifth source was coal combustion.Source contributions were different in the various seasons because of variable meteorological conditions and strength of emission (Gentner et al., 2009; Dumanoglu et al., 2014; Mo et al., 2017) . The seasonal variations of source contributions for VOCs were shown in Fig. 6(a) . Vehicle exhaust was the dominant source in all four seasons, ranging 22.41-38.95%. Compared with the contributions (13.49-24.82%) in other seasons, fuel evaporation contributed most in the summer (25.94%), due to the higher temperatures. Biomass burning contributed more in autumn (21.11%) and winter (18.01%) than in spring (11.23%) and summer (16.94%). These differences were probably attributable to crop straw burning by local communities in the later seasons. In contrast, industrial processes contributed more to emissions in spring (16.99%) and in summer (15.99%) relative to autumn (6.90%) and winter (9.40%). There was no clear seasonal difference in coal combustion, ranging 17.03-20.81%, and this might be explained by the fact that there is no need for domestic heating from this source in the south of the country, coal combustion being used mainly for industrial purposes including power generation.
The spatial variations of source contributions for VOCs were shown in Fig. 6(b) . Vehicle exhaust (26.56-44.39%) was the dominant source in all functional zones, especially for the traffic site (44.39%). The traffic site, which was in the center of Mingfa Plaza and close to the Xiamen railway station, was significantly affected by vehicle exhaust. Fuel evaporation (36.20%) was dominant in the residential site, probably due to the use of fuel for cooking. The contribution of biomass burning (17.78%) to the background site was greater than those (9.01-15.50%) in the other functional zones. Industrial processes (15.72%) contributed slightly more to the industrial site than those (10.10-15.62%) in other functional zones. The contribution from coal combustion was apparently larger in the background, the development and the traffic sites relative to those in the port, residential and industrial sites. The background site was influenced by other sites according to the result for characteristic ratios of the VOCs. Besides, there were two large coal-fired power plants (Xiamen Ruixin Thermoelectricity Co., Ltd., and Xiamen Haiyi Xinglin Thermoelectricity Co., Ltd.) located in the south about 10 kilometers away from the background site. Therefore, the coal combustion source contributed a lot to the background site. Besides, the 324 national highway passed about 3 kilometers away from the background site so this source would have made a significant contribution to vehicle exhaust at the background site.
The emission inventory of VOCs in Xiamen showed that mobile sources contributed the most to VOCs (43.6%), followed by biogenic sources (25.2%), industrial sources (17%), and then storage and transportation sources (9.9%). The other sources (including solvent use, domestic sources and agricultural sources) contributed little (less than 5%).
As for the PMF analysis, the results showed that vehicle exhaust contributed the most to TVOCs in Xiamen. Moreover, industrial sources were also important for TVOCs in Xiamen according to the results of both emission inventories and PMF analysis.
CONCLUSIONS
The seasonal and spatial distributions of VOCs were investigated in Xiamen, a coastal city in Southeast China. The compositions of the VOCs were dominated by alkanes and aromatics, followed by alkenes. The highest VOC concentrations were observed at an industrial site, while the lowest were observed at a background site. Furthermore, spring and summer exhibited higher concentrations than autumn and winter. The ratios of the VOC species indicated that atmospheric VOCs at the background site were strongly influenced by transport from urban areas. The PMF analysis identified the major sources of the VOCs as vehicle exhaust, fuel evaporation, biomass burning, industrial processes, and coal combustion. Vehicle exhaust was the largest contributor to the total VOCs in Xiamen, but fuel evaporation, which reached its maximum in summer, was the largest contributor at the residential site.
